There is evidence that some types of epilepsy progress over time, and an important part of this knowledge has derived from neuroimaging studies. Different authors have demonstrated structural damage more pronounced in individuals with a longer duration of epilepsy, and others have been able to quantify this progression over time. However, others have failed to demonstrate progression possibly due to the heterogeneity of individuals evaluated. Currently, temporal lobe epilepsy associated with hippocampal sclerosis is regarded as a progressive disorder. Conversely, for other types of epilepsy, the evidence is not so clear. The causes of this damage progression are also unknown although there is consistent evidence that seizure is one of the mechanisms. The conflicting data about epilepsy progression can be a challenge for clinical decisions for an individual patient. Studies with homogenous groups and longer follow-up are necessary for appropriate conclusions about the real burden of damage progression in epilepsies, and neuroimaging will be essential in this context. This article is part of a Special Issue entitled "The Future of Translational Epilepsy Research".
"Seizures beget seizures" has been a famous citation by William Gowers [1] for more than 100 years. It brings the implicit concept that epilepsy may be a progressive disorder and, more specifically, related to the occurrence of seizures. However, as clinical neurologists, how does it affect (or how should it affect) our decisions facing a specific patient with epilepsy?
Epilepsy progression can be verified or described as the worsening of seizure control, cognition, behavior, structural abnormalities, and EEG patterns as well as social interactions over time. Overall, it is not possible to say that all types of epilepsy are progressive conditions [2, 3] . While some epilepsy syndromes are clearly progressive, others do not appear to progress over time, and yet it is unclear if in some localization-related epilepsies, the progression of damage depends on the underlying etiology, seizure type (i.e., presence or not of secondary generalized seizures), duration and frequency of seizures, other environmental factors (e.g., viral infections and head trauma), or a combination of several of these factors. For example, prolonged focal seizures, prolonged generalized seizures, isolated or clusters of brief seizures, or seizures with a longer seizure-free interval may have distinct effects on brain integrity.
The controversy begins in studies about the natural history of epilepsies. Some of these show worse prognosis of seizure control associated with the number of seizures prior to treatment and a tendency to progressive reduction of seizure-free intervals in populations without treatment [4] [5] [6] [7] . However, other authors disagree with these results emphasizing that this tendency of worsening over time may be related to an inherent severity of the disease in these individuals [8, 9] . Similarly, community-based studies of patients with several years of delay before starting antiepileptic drug (AED) therapy show similar patterns of response than studies with newly diagnosed epilepsies [10, 11] .
Studies conducted in tertiary centers with patients with drugrefractory seizures have diverse results. In this context, experimental, neuroimaging, EEG, and clinical studies have consistently pointed towards a tendency of progression among the years in some types of epilepsy, especially drug-refractory temporal lobe epilepsy (TLE) associated with hippocampal sclerosis (HS) (TLE-HS), which can be identified in vivo by MRI (Fig. 1 ) [12] [13] [14] [15] . Studies of TLE have shown clinical [7] , cognitive [16, 17] , electroencephalographic [18, 19] , and neuroimaging evidence of progressive damage [12] [13] [14] [15] . However, lack of evidence exists in other types of focal or generalized epilepsies. Moreover, the knowledge of what contributes to this progression, even in TLE, is not well understood.
Some studies show an important role of seizures in this progressive damage [14, 15] while others do not [20] . For example, some experimental data suggest that the recurrence of seizures may be responsible for the progressive neuronal damage [21] , and some histopathological evidence in patients with epilepsy correlates the occurrence of drug-refractory seizures with lower hippocampal neuronal density [22] . Conversely, a post-mortem study showed that not all patients with drug-refractory seizures have significant hippocampal neuronal loss [23] .
Recently, important data about the role of uncontrolled inflammation in the progress of epilepsy damage have emerged [24] . In vitro and in vivo data support the idea that inflammation may play a role in the epileptogenic process. In addition, it is possible that uncontrolled inflammation may be implicated in the chronic epileptic process of TLE-HS [24, 25] , thus, adding additional neuronal damage over years.
In this review, we will focus on neuroimaging evidence of progressive damage in epilepsy. Although the gold standard for brain damage related to progression of epilepsy is the pathological examination, MRI -especially the newer scans with larger fields of 3 T to 7 Tcan provide an in vivo analysis that can approach what is seen in histopathology. We will focus on focal symptomatic/cryptogenic and idiopathic generalized epilepsies, while clearly progressive disorders (e.g., progressive myoclonic epilepsies or West syndrome) will not be discussed. We will specifically try to emphasize the evidence that is already relevant for clinical practice. Moreover, we will try to point out the gaps and the perspectives and look ahead to the knowledge that is likely to emerge in the next years and what relevance it may have in our daily actions as clinical neurologists. Special attention will be given to the important role that neuroimaging techniques may play in filling these gaps.
Neuroimaging evidence of epilepsy progression
Magnetic resonance imaging is the most important neuroimaging tool for the evaluation of epilepsies. It can image the structural substrate responsible for the epileptic process [26] and reveal signs of HS, malformations of cortical development, tumors, or other underlying conditions. It is particularly sensitive for detecting signs of HS in TLE patients, which can be seen as a reduction of volume, loss of hippocampal internal structure, and increased hippocampal T2 signal [27, 28] . In the last two decades, with the emergence of more sophisticated scans and quantitative analysis, the literature about progressive epilepsy damage and MRI techniques has grown. For other neuroimaging techniques, such as PET or SPECT, the literature regarding the progressive damage of epilepsies is not so vast.
2.1. Cross-sectional neuroimaging evidence of epilepsy progression 2.1.1. MRI manual and automatic volume measures Manual volumetry has been repeatedly used to evaluate structural progression in epilepsy (Fig. 2) . In the early 1990s, an MRI volumetric study composed predominantly of patients with drug-refractory TLE (but which also included extra-temporal epilepsies) did not observe a relation of repeated seizures or longer duration of epilepsy with the degree of atrophy of the amygdala and hippocampus [29] . Conversely, more homogeneous studies including only individuals with TLE demonstrated that hippocampal [30, 31] and amygdala [31] volumes were negatively correlated with the duration of epilepsy. Although the majority of published papers include TLE-HS patients, a study with cryptogenic TLE [14] also demonstrated that those with the epileptic focus in the left hippocampus had the ipsilateral hippocampal volume inversely correlated with the estimated total number of partial or generalized seizures.
Manual and automatic volumetric and signal quantification techniques have helped to determine that the structural damage of epilepsies extends beyond the epileptic focus, and authors have also tried to correlate this diffuse damage with the occurrence of seizures or duration of the disease. Semi-automated volumetric study of unilateral TLE patients demonstrated that duration of epilepsy was associated with reduced ipsilateral hippocampal volume and bilateral extra-temporal (frontal and parietal) white matter volume [32] . Similarly, childhood onset (but not adult onset) TLE has been associated with significantly reduced total brain tissue [33] . Another study, with refined cortical analysis, demonstrated that neocortical atrophy in mesial and supero-lateral frontal and parietal cortices in TLE is correlated with longer epilepsy duration [34] . However, other studies have failed to demonstrate that structural damage outside the presumed epileptogenic zone can be progressive. For example, Moran et al. [35] found significant atrophy of mesial and lateral temporal lobe substructures, but there was no correlation between the degree of atrophy in the extra-hippocampal temporal lobe structures and the duration of epilepsy or occurrence of generalized seizures.
Other automatic MRI quantitative analyses, such as voxel-based morphometry (VBM), also helped to address the question of brain damage progression. Voxel-based morphometry is a technique that allows the MRI evaluation of gray and white matter concentrations or volumes through an automatic analysis of the whole brain [36] . A VBM analysis of unilateral TLE patients showed that only extratemporal (bilateral thalamic, prefrontal, and cerebellar) but not mesial temporal gray matter concentration was related to duration or age of onset of epilepsy [37] . Similarly, another VBM study [38] demonstrated that gray matter concentration in the ipsilateral hippocampus, temporal lobes, and extra-temporal limbic structures in patients with MTLE is negatively correlated with the duration of epilepsy.
The data about epilepsy progression for other focal or idiopathic generalized epilepsies (IGE) are scarce. In IGE, while some studies have failed to demonstrate thalamic atrophy in small groups of patients [39] [40] [41] , a more recent study [42] including a larger number of IGE individuals who presented only generalized tonic-clonic seizures demonstrated bilateral thalamic atrophy. Moreover, the authors observed that the thalamic volumes and the fronto-central and limbic cortices were negatively correlated with duration of epilepsy, and this progression occurred even faster in patients with poorer seizure control. These results emphasize the concept that different factors may influence structural progressive damage in individuals with epilepsies, and the homogeneity of the patients included in the analysis may contribute to a better understanding of these issues.
Other neuroimaging techniques
2.1.2.1. MRI T2 relaxometry. Magnetic resonance imaging T2 relaxometry is a technique that allows the quantification of signal intensity in MRI scans ( Fig. 3 ) and can help to improve the detection of structural brain pathologies such as HS [43] . There are contradictory data about T2 relaxometry and epilepsy progression. Kalviainen et al. [14] demonstrated that patients with cryptogenic TLE and the epileptic focus in the left hippocampus had a T2 relaxation time that positively correlated with the estimated total number of partial or generalized seizures. Conversely, Grünewald et al. [44] could not observe any correlation of hippocampal T2 relaxation times with seizure frequency or duration of epilepsy in individuals with partial epilepsy.
In a group of 43 patients with drug-refractory TLE and MRI signs of HS, we did not find a significant relationship between frequency and the duration of seizures and hippocampal T2 relaxometry (unpublished data).
MRI spectroscopy.
Magnetic resonance imaging spectroscopy allows the observation of cerebral metabolites, and studies in epilepsy have shown that it can help to demonstrate neuronal damage that correlates with clinical-electroencephalographic lateralization in TLE [45] . Some cross-sectional studies using MRI spectroscopy have demonstrated correlation of seizure frequency [46] and epilepsy duration [30] with a reduction in the N-acetylaspartate-to-creatine ratio (NAA/ Cr) in patients with medically intractable TLE. Conversely, other studies have failed to demonstrate this correlation [47] .
PET.
Positron emission tomography provides images of different biochemical functions in the human brain, and abnormal glucose metabolism has been associated with the epileptic focus [26] . Gaillard et al. [48] with new-onset partial seizures than in adults with chronic partial epilepsy. Similar results have been found by Theodore et al. [49] , who demonstrated with PET exams that longer duration of epilepsy in TLE is associated with greater hypometabolism in the hippocampus ipsilateral to the epileptic focus.
Longitudinal neuroimaging evidence of epilepsy progression
To evaluate the evolution of a disease, longitudinal studies are more appropriate than cross-sectional analysis, and extensive data with neuroimaging follow-up have been published in the last decades. However, most of the studies have a short follow-up period, usually less than 5 years.
MRI manual and automatic volume measures
Longitudinal studies including community-based or newly diagnosed epilepsies (which are invariably composed of highly heterogeneous individuals) show that epilepsy, as a single group, is not consistently a progressive disorder. For example, Van Paesschen et al. [50] evaluated patients with newly diagnosed partial epilepsy with MRI scans at a one-year interval and demonstrated subtle changes in only three individuals. Similarly, a study that followed adult patients with newly diagnosed seizures with two MRIs 3.5 years apart showed that quantitative analysis of the hippocampus, cerebellum, and total brain volume did not differ between patients and controls or patients with or without further seizures [2] . Recently, the same group [51] found a significant difference in neocortical volume loss between controls and patients with chronic epilepsies in MRIs 3.5 years apart but not between controls and newly diagnosed epilepsies. However, this increased risk of cerebral atrophy was not related to a history of seizures.
In more homogenous groups including only TLE patients, usually associated with HS, the results of longitudinal quantitative MRI analyses with manual or automated techniques point towards a slow but consistent structural progression. This progression is seen not only in the mesial temporal region but also in extra-temporal areas from the early phases of the disease. For example, Briellmann et al. [12] showed in a group of newly diagnosed TLE patients an ipsilateral hippocampal volume decrease of 9% over a mean period of 3.5 years. They also verified that the hippocampal volume loss was correlated to the number of generalized seizures between the scans. A comparable result was demonstrated by Fuerst et al. [13] . In this study, in which patients with TLE and unilateral hippocampal sclerosis had repeat volumetric magnetic resonance imaging scans with a mean of 3.4-year interval, seizure-free patients showed no change in hippocampal volume, while those with continuing seizures had a decline in ipsilateral hippocampal volume that correlated with seizure frequency.
Results of longitudinal studies were similar to cross-sectional analysis regarding progressive abnormalities distant from the epileptic focus. In the study from Liu et al. [51] , the ongoing cerebral atrophy observed was widespread and remote from the epileptic focus. Also, Bernhardt et al. [34] evaluated neocortical atrophy in TLE in a longitudinal analysis with a mean of 2.5 years of follow-up and detected progression of cortical atrophy in the ipsilateral temporopolar and central areas, and contralateral orbitofrontal, insular, and angular regions. In a VBM analysis of TLE patients performed in our center [15] , we observed progressive gray and white matter reduction not only in the ipsilateral mesial temporal region but also in the ipsi-and contra-lateral neocortical areas of temporal, frontal, and occipital regions. This progressive damage was associated with poorer seizure control and a longer duration of epilepsy. It is also possible to obtain several ROIs in the same structure (for example, ROIs along the hippocampus) and calculate the average signal from ROIs in each structure. Different from hippocampal volumetry, the ROIs here do not need to cover the entire structure, and its shape is not important because we are obtaining an average of signal intensity. It is important, however, to avoid contamination of surrounding tissues.
PET.
One study with PET demonstrated dynamic changes of cortical glucose hypometabolism in children with intractable nonlesional partial epilepsy, and these changes were related to the frequency of seizures [52] .
The role of seizures and other clinical evidence of epilepsy progression
In humans, there are numerous descriptions of status epilepticus (SE) leading to neuronal changes, especially in the hippocampus [53, 54] . There is extensive MRI evidence that febrile and afebrile SE can damage the brain and that the mesial structures are especially vulnerable to the hypoxia that occurs in association with status epilepticus [55] . In contrast, for brief recurrent seizures, the relation with brain damage is not so clear. Despite the evidence of progressive structural damage in some types of epilepsy, the causative relation of this with sporadic or refractory seizures is still controversial [56] .
A few case reports have described clear progressive hippocampal damage that could be secondary to brief and sporadic generalized or focal seizures. O'Brien et al. [57] reported a case of long-standing intractable complex partial and secondary generalized seizures whose MRI scans 4 years apart documented a progressive decrease in the left hippocampal volume. Briellman et al. [58] described a patient who developed reduced hippocampal volume and increased hippocampal T2 signal after six generalized tonic-clonic seizures (GTCS). Worrell et al. [59] described MRI signs of hippocampal atrophy that developed in an adult after the occurrence of new-onset partial seizures and only one brief GTCS from acute venous thrombosis.
One major problem of determining whether seizures cause progressive damage is that almost invariably, the researchers can rely only on patients' and observers' reports. In this context, the number or type of seizures presented in a defined interval is not always precise since the majority of patients with epilepsy have unnoticed seizures [60] . So, any study addressing the number of seizures will report only a proportion of possible seizures that occurred in that period. In addition, different types of seizures have probably different weights in the progression of epilepsies. Moreover, different types of seizures may involve different patterns of neural networks in different individuals, and it may also influence the structural abnormalities observed in each patient. According to the evidence that we have so far, we may infer that some types of seizures in some specific epilepsies and in individuals with some distinct characteristics may lead to progressive structural damage and cognitive dysfunction.
Another difficulty is to differentiate if the association of more extensive structural damage and higher seizure frequency is due to the consequence of recurrent seizures per se or to the vulnerability that patients with more aggressive disease have from the beginning of their refractory seizures.
Some cross-sectional and longitudinal MRI studies support the hypothesis that seizures may influence structural damage. Bilevicius et al. [61] demonstrated in a quantitative MRI cross-sectional analysis more pronounced and widespread gray matter abnormalities in AED-resistant and relapse-remitting TLE individuals when compared with AED responders. A longitudinal VBM analysis in patients with TLE [15] also demonstrated progressive mesial temporal and neocortical damage associated with poorer seizure control. Also, a study including patients with IGE with only tonic-clonic seizures [42] observed that the reduction of thalamic volumes and fronto-central and limbic cortices occurred faster in patients with poorer seizure control.
Other studies support the hypothesis that GTCS and not partial seizures may be causative of damage [30, 62] .
Conversely, some studies contradict the theory that seizures cause further injury in individuals with epilepsy [2, 29, 51] . However, the majority of these are composed of community-based or very heterogeneous groups of individuals.
Besides the heterogeneity of the individuals included in the community-based studies, according to epidemiological data, up to 70% of patients with epilepsy will have adequate seizure control with AED therapy [3] . Hence, the question arises if the study of more homogenous groups of patients with well-controlled seizures could demonstrate progression even in some patients with more "benign" epilepsy. Andrade-Valenca et al. [63] showed in an MRI volumetric analysis that TLE-HS, half of which with good seizure control, failed to demonstrate any correlation of seizures with the degree of hippocampal atrophy. Recently, a cross-sectional quantitative MRI study [64] showed cortical thinning, mainly in the sensoriomotor cortex in individuals with "benign" TLE patients with or without MRI signs of HS. All patients had been free of major seizures for at least 1 year before the MRI, which supports the idea that the pathology in neocortical regions may be implicated in pathophysiology of TLE. Our group also showed [65] , in an extensive follow-up with a medium of 90 months, progressive hippocampal volume reduction in a group of familial mesial TLE (FMTLE) in which 71% of the individuals were classified as benign. In this study -compared with a group of individuals with sporadic MTLE, in which only 12% were considered benign -FMTLE had a slower progression of hippocampal volume reduction. This evidence supports the hypothesis that although seizures may contribute to additional injury in some types of epilepsy, a slower progressive damage may be intrinsic to the pathophysiology of MTLE.
The duration of epilepsy, independent of the occurrence or frequency of seizures, has also been addressed as involved in the process of epilepsy progression, affecting regions in the epileptic focus [66, 67] , as well as distant areas as thalamus [67] and neocortical structures [15] (Fig. 4) . Similarly, the age of epilepsy onset has also been described as related to worsening of structural damage in TLE [67, 68] , and some authors have proposed that childhood onset epilepsy may be associated with an adverse neurodevelopmental impact on brain structure and function [68] . However, other studies failed to support this evidence [66] .
Some more specific individual characteristics have been related to progressive MRI structural damage in epilepsies. In one study with TLE patients [14] , only individuals with an epileptic focus on the left side had a hippocampal volume and signal that correlated with the number of partial or generalized seizures, while in another study [15] , gray and white matter diffuse progressive abnormalities were more pronounced in individuals with a left-sided EEG focus (Fig. 5) . Briellmann et al. [69] proposed that seizure frequency may be a factor contributing to reduced brain volume in men but not in women with TLE. In a VBM study of individuals with drug-refractory TLE, Yasuda et al. [70] Fig. 4 . In a group of 84 patients with benign focal epilepsies, those with hippocampal atrophy detected by manual volumetry had significantly longer epilepsy duration than those with normal hippocampal volume (two-sample T-test, p = 0.003). HV: hippocampal volume and HA: hippocampal atrophy.
showed that those with a negative family history of epilepsy had a more widespread pattern of gray matter abnormalities as well as lower IQ scores than those with a positive family history, suggesting that in the first group, a stronger environmental influence may be related to the more intense clinical and structural abnormalities.
The influence of AED exposure in epilepsy progression is also not well understood. One study [51] has observed generalized brain atrophy more commonly in patients with increased exposure to AEDs, independently of seizure control. However, no large available datasets have been published, and the difficulties of this type of evaluation are vast.
The majority of individuals with refractory epilepsies, which according to the data available are the ones more vulnerable to epilepsy progression, are exposed to AED polytherapy with frequent modification of dosages and types of AEDs.
The contribution and perspectives of new neuroimaging techniques
In the last decade, an extensive number of refined quantitative MRI post-processing tools have emerged. While for some tools the technical issues still need to be solved, others have already given us new important clues about the pathophysiology of epilepsies. However, the use of these techniques to answer the questions about epilepsy progression is still scarce.
Diffusion tensor imaging/tractography
Diffusion tensor imaging (DTI) can study the white matter integrity through the evaluation of water diffusion [71] . Diffusion tensor imaging abnormalities have been described in malformations of cortical development and idiopathic generalized epilepsies [72, 73] , but the majority of studies have focused so far on TLE. White matter abnormalities in cross-sectional DTI studies of TLE patients were observed in bilateral temporal regions [74] as well as in bilateral extra-temporal areas belonging to the limbic system [75] .
It is possible that these white matter abnormalities may be secondary to seizure activity [64] . However, the correlation of these abnormalities with seizures and epilepsy duration has not yet been adequately evaluated and long-term follow-up studies are still necessary. Some DTI studies with TLE patients found a correlation between abnormalities in white matter and duration of epilepsy, especially in patients with HS [76, 77] . However, this has been contradicted by other studies [74, 78] .
More recently, in one study with DTI, Kim et al. [79] also demonstrated widespread disturbance of white matter integrity in the frontal lobe and corpus callosum of patients with juvenile myoclonic epilepsy, and the number of GTCS was correlated with these abnormalities.
Functional MRI (fMRI)
Functional magnetic resonance imaging allows the measurement of brain activity by detecting signal changes associated with changes in blood flow and changes in blood oxygenation [80] . It has been used as an important clinical tool for evaluation of memory performance [81, 82] and to map eloquent areas for surgical planning [83] . This capacity of a non-invasive evaluation of hemodynamic changes associated with neural activity allows the possibility of evaluating different aspects related to the epilepsy progression. For example, Cheung et al. [84] demonstrated that the longer the duration of epilepsy, the lower the brain activation in a visual scene-encoding task with TLE patients and that this reduction of brain activation negatively affects memory function. However, the available fMRI data concerning progressive damage are still scarce.
Other promising results regarding the epilepsy process and progression may come from fMRI studies of resting state and default mode network (DMN) (which appears to include areas involved in the maintenance of baseline activities related to the modulation during internal and external tasks, self-awareness, and episodic memory) [85, 86] . Pieces of evidence suggest that the DMN is abnormal in patients with TLE [87, 88] and IGE [89] and that the inter-ictal epileptiform discharge may be implicated in the deactivation of the DMN in IGE [90] , TLE [91, 92] , and other types of focal epilepsies [92] . Functional magnetic resonance imaging studies also demonstrated abnormal functional connectivity in DMN areas in TLE [93, 94] . Extensive work is necessary to understand if these abnormalities in the DMN and specific connectivity patterns have any relation to the occurrence of seizures or duration of epilepsy and if it can be part of the progression of some types of epilepsy.
Multimodal neuroimaging techniques, such as the use of concomitant EEG and fMRI (EEG-fMRI), may be able in the future to add more knowledge through a refined non-invasive evaluation. Electroencephalography-functional magnetic resonance imaging has been proven to help in the identification of the epileptogenic focus in focal refractory epilepsies [95] [96] [97] [98] as well as to evaluate networks involved in different types of epilepsies [90] [91] [92] . This technique may be able to provide signatures that could enable the classification of more homogeneous groups, and it could also help to evaluate differences and long-term modifications of networks implicated in ictal and inter-ictal abnormalities in different groups of patients with epilepsy.
Other promising neuroimaging techniques
Other promising MRI techniques that may contribute to the study of epilepsy progression have also emerged in the last two decades. Higher field (3 T) MRIs have allowed the improvement of some techniques, such as spectroscopy [99] and arterial spin label [100, 101] . 7 T MRI will be able to add to our knowledge once it allows an anatomic observation that is closer to the histopathological findings [102, 103] . However, no data regarding progressive damage in epilepsy have yet resulted from these advances.
With the emerging knowledge about the role of inflammation in epileptogenesis and possibly in the chronicity and progression of some types of epilepsies such as TLE-HS, researchers have also focused on neuroimaging techniques that may be able to image inflammation, with promising results from PET and MRI studies [104, 105] .
Translational knowledge: epilepsy progression and clinical decisions
Despite the controversial results of different studies -which may be mainly the result of the heterogeneity of the patients includedmost current evidence indicates that TLE-HS is a progressive disorder.
In this context, for patients with TLE-HS, refractoriness to AEDs must be defined early in the treatment, and surgery must be considered as soon as possible. For this specific group of individuals, the early control of seizures may decrease the risk of progressive structural, cognitive, and behavior damage related to repeated seizures. Even with some contradictory results [106] , different studies have confirmed that for TLE-HS, age at surgery [107, 108] and epilepsy duration are important predictors for long-term surgical outcome [109] . The remaining question is whether avoiding the seizures will also be able to block the possible progression related to the intrinsic pathophysiology of this type of epilepsy. In fact, one study suggested that stopping seizures after surgical treatment may reverse some of the brain damage in TLE [110] , and other studies further demonstrated that postoperative seizure freedom reverses part of the metabolic dysfunction of patients with TLE [111, 112] .
Perspectives for future studies
The progressive characteristic of the epilepsies is still controversial. Current knowledge indicates that TLE-HS is a progressive disorder. The contradictory data of different studies may be related to the heterogeneity of individuals included. The natural history of the many diverse types of epilepsies may be related to the etiology and initial epileptogenic process but may also be associated with many distinct individual characteristics concerning genetic background and exposure to environmental factors.
Therefore, in order to achieve a satisfactory answer about the progression of epilepsies, studies must evaluate larger series of individuals for longer periods of follow-up. Moreover, it is important to control the several genetic and environmental factors that may influence the epilepsy burden and to give the appropriate importance for each of them. Only with an appropriate multivariate analysis will we be able to have a better view of what is the weight of each intrinsic and extrinsic characteristic for individuals with epilepsy.
With the advances in neuroimaging techniques, in vivo and non-invasive structural and functional studies will help to improve the understanding of epilepsy progression.
